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DESCRIPTION 

Oil injecting apparatus 

Technical Field 

The present invention relates to an apparatus for injecting 
oil into a one-sided-bag-shaped fluid dynamic pressure bearing by 
a vacuum injection method. 

The term "one-sided-bag-shaped fluid dynamic pressure 
bearing" as used herein refers to a fluid dynamic pressure bearing 
composed of bearing components including a shaft and a sleeve, and 
oil injected into a minute gap formed between those bearing components, 
the fluid dynamic pressure bearing having only one oil injection 
port for oil injection into the minute gap. 

Background Art 

As is well known, rolling bearings have been widely adopted 
for motors that drive 3.5-inch discs. However, fluid dynamic 
pressure bearings are increasingly being adopted for small motors 
that drive smaller discs such as 2.5-inch or 1. 0-inch discs instead 
of rolling bearings. 

As shown, for example, in Fig. 6, such a fluid dynamic pressure 
bearing includes a flanged shaft 1 serving as a rotary bearing member, 
a stepped closed-end sleeve 4 serving as a stationary bearing member, 
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a thrust retainer plate 5 serving as an annular cover member, and 
lubricating oil injected into a minute gap formed by those members. 

The flanged shaft 1 includes a cylinder portion 2 and an annular 
flange portion 3 that are integrated with each other. A lower part 
of the cylinder portion 2 of the flanged shaft 1 serves as a radial 
dynamic pressure bearing cylinder portion, with radial dynamic 
pressure generating grooves Gl formed on the outer peripheral surface 
thereof. Further, an upper part of the cylinder portion 2 of the 
flanged shaft 1 serves as a rotor-mounting cylinder portion, with 
a rotor-hub-mounting cylinder portion of a small diameter being 
formed at its distal end. 

The annular flange portion 3 of the flanged shaft 1, which 
functions as a disc-shaped thrust plate, has thrust dynamic pressure 
generating grooves formed respectively on its upper and lower 
surfaces. 

The stepped closed-end sleeve 4 has a lower cylinder portion 
of a small diameter and an upper cylinder portion of a larger diameter . 
An opening with a still larger diameter is formed at the upper end 
portion of the upper cylinder portion. The thrust retainer plate 
5 is fitted airtight into this opening, whereby the opening of the 
stepped closed-end sleeve 4 is sealed airtight with the thrust 
retainer plate 5 . Formed at the boundary between the small-diameter 
lower cylinder portion and the large-diameter upper cylinder portion 
is an annular step portion serving as the bottom portion of the 
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upper cylinder portion. . 

Between the flanged shaft 1, the stepped closed-end sleeve 
4, and the thrust retainer plate 5, there are formed a cylindrical 
minute gap Rl, an annular minute gap R2, a cylindrical minute gap 
R3, an annular minute gap R4, a cylindrical minute gap R5, and a 
disc-shaped minute gap R6. Although somewhat exaggerated in Fig. 
6, the sizes of the minute gaps Rl through R6 range from ten to 
several tens jj. in the case of small and thin fluid dynamic pressure 
bearings used in small and thin motors. 

It is to be noted that the minute gaps R3 and R6, each functioning 
as an oil reservoir, are formed wider than the other minute gaps. 
Lubricating oil is injected into these minute gaps by a vacuum 
injection method from the annular opening of the cylindrical minute 
gap Rl . 

The inner peripheral surface of the thrust retainer plate 5 
forms an outwardly tapered surface . Accordingly, when seen in cross 
section, the cylindrical minute gap Rl formed between the inner 
peripheral surface of the thrust retainer plate 5 and the upper 
outer peripheral surface of the cylinder portion 2 forms a tapered 
gap that is tapered outwardly from the inner to outer portions of 
the bearing. The resulting capillary action and surface tension 
form a capillary seal portion S that functions to prevent this 
lubricating oil from leaking outside of the bearing. Further, the 
cylindrical minute gap R3 serves as an oil . reservoir for thrust 
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dynamic pressure bearing, and the disc-shaped minute gap R6 serves 
as an oil reservoir for radial dynamic pressure bearing. 

As described above, the one-sided-bag-shaped fluid dynamic 
pressure bearing shown in Fig. 6 includes the flanged shaft 1, the. 
stepped closed-end sleeve 4, the thrust retainer plate 5 that is 
an annular cover member, and oil for lubrication injected into a 
minute gap consisting of the plurality of minute gaps Rl to R6 that 
. are communicated with each other and formed between those components . 
This minute gap defines a one-sided-bag-shaped minute gap, with 
the opening of the minute gap Rl, which opens to the atmosphere, 
serving as the only opening of this minute gap. 

Although it is not easy to inject oil into such a 
one-sided-bag-shaped fluid dynamic pressure bearing having a 
one-sided-bag-shapedminute gap, some injectionmethods have already 
been developed to this end, such as the vacuum injection methods 
disclosed in US Patent No. 5601125 (Patent Document 1) , US Patent 
No. 5862841 (Patent Document 2) , and US Patent No. 5894868 (Patent 
Document 3) . 

As shown in Fig. 5, for example, a conventional oil injecting 
apparatus employing a vacuum injection method includes an oil 
container 11 storing an oil 12 to a predetermined level, a cover 
member 13 having an oil injection through-passage 15 and a 
suction/exhaust through-passage 17, a bellows 11a that is secured 
airtight to the back surface of the cover member 13 at one end and 
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to the opening of the oil container 11 at the other end, an injection 
tube 14 whose distal end projects straight into the oil container 
11 and whose other end is connected to the oil injection 
through-passage 15, a suction/exhaust tube 16. whose distal end 
projects straight into the oil container 11 and whose other end 
is connected to one end of the suction/exhaust through-passage 17 
of the cover member 13, a suction/exhaust device connected to the 
other end of the suction/exhaust through-passage 17 of the cover 
member 13, a moving device that vertically moves the oil container 
11 from an exhaust position (Fig. 5 (A) ) with the distal end of 
the injection tube 14 positioned away from the oil level into an 
injection position (Fig. 5 (B) ) with the distal end of the injection 
tube 14 submerged into the oil, and bearing fixing means for fixing 
the one-sided-bag-shaped fluid dynamic pressure bearing 10, into 
which the oil 12 is to be injected, onto the cover member 13 with 
its surface on the oil injection port side being seated on an 0-ring 
25. 

The suction/exhaust device includes a vacuum pump 22, 
suction/exhaust tubes 18, 20, 21, and valves 23, 24. The moving 
device includes a stepping motor 27 and an oil container holder 
28. Further, the bearing fixing means forms a part of a holding 
device (not shown) holding the cover member 13. 

Oil injection is performed as follows with such a conventional 
oil inj ecting apparatus . First, in the exhaust position (FIG. 5(A)) 
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with the distal end of the injection tube 14 positioned away from 
the oil level inside the oil container 11, a control device (not 
shown) opens the valve 23 and closes the valve 24, and activates 
the vacuum pump 22 . As this happens, the inside of the oil container 
11 is evacuated through the suction/exhaust tube 16, the 
suction/exhaust through-hole 17, and the suction/exhaust tubes 18 
and 20; at the same time, the inside of the one-sided-bag-shaped 
fluid dynamic pressure bearing 10 , which communicates with the inside 
of the oil container 11 through the injection tube 14 and the oil 
injection through-hole 15, is also evacuated into a vacuum. 

Then, in this state, the control device drives the moving device 
to raise the oil container 11, whereby the distal end of the injection 
tube 14 is submerged into the oil 12 . Subsequently, in this injection . 
position (Fig. 5(B)), the control device closes the valve 23 and 
opens the valve 24 . As this happens, the inside of the oil container 
11 is communicated with the atmosphere through the suction/exhaust 
tube 16, the suction/exhaust through-hole 17, and the 
suction/exhaust tubes 18 and 21, and thus turned into the atmospheric 
pressure . This causes the oil 12 in the oil container 11 to be injected 
into the one-sided-bag-shaped fluid dynamic pressure bearing 10. 

Incidentally, the conventional oil injection apparatus 
described above is equipped with an extendable part such as a bellows 
for vertically moving -the oil container. This bellows is formed 
of a rubber material and hence liable to deform when placed in a 
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high vacuum* Such deformation of the bellows makes it difficult 
to maintain a high vacuum degree with good accuracy, resulting in 
poor durability. This leads to a problem in that the bellows must 
be exchanged frequently in order to maintain this accuracy. In short , 
the conventional oil injecting apparatus described above is poor 
in operability, resulting in an increase in maintenance cost. 

An ob j ect of the present invention is to provide an oil in j ecting 
apparatus for injecting oil into a one-sided-bag-shaped fluid 
dynamic pressure bearing by a vacuum injection method, the apparatus 
providing good operability and low maintenance cost. 

Disclosure of the Invention 

To attain the above object, in an oil injecting apparatus for 
injecting oil into a one-sided-bag-shaped fluid dynamic pressure 
bearing by a vacuum injection method, an injection tube is disposed 
so as to be movable while passing through a cover of an oil container, 
with airtightness being retained by an O-ring, and the distance 
between the oil container and a bearing seating, onto which the 
one-sided-bag-shaped fluid dynamic pressure bearing to be injected 
with oil is mounted and fixed airtight, is changed to thereby effect 
a change from an exhaust position to an injection position. 

That is, an oil injecting apparatus for a. one-sided-bag-shaped 
fluid dynamic pressure bearing which is designed to attain the 
above-mentioned object includes: a bearing seating haying a bearing 
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seating surf ace formed on a front surface thereof and an oil injection 
through-passage extending through the bearing stand from the front 
surface to a back surface thereof; an oil container storing oil 
to a predetermined level and sealed with a cover member provided 
with an injection tube pass-through hole; a suction/exhaust tube 
having one end projecting into the oil container and the other end 
connected to a suction/exhaust device; an injection tube passing 
through the injection tube pass-through hole of the cover member 
such that the injection tube is capable of vertical, movement while 
maintaining airtightness, the injection tube having a lower end 
projecting into the oil container and an upper end secured to a 
lower end of the oil injection through-passage of the bearing seating; 
a distance changing device which changes a distance between the 
bearing seating and the oil container from an exhaust position with 
the lower end of the injection tube positioned away from an oil 
level into an injection position with the lower end of the injection 
tube submerged into oil; and bearing fixing means abutting a 
one-sided-bag-shaped fluid dynamic pressure bearing into which oil 
is to be injected, for fixing airtight the one-sided-bag-shaped 
fluid dynamic pressure bearing onto the bearing seating. 

Further, the one-sided-bag-shaped fluid dynamic pressure 
bearing is fixed onto the cover member by the bearing fixing means, 
an inside of the one-sided-bag-shaped fluid dynamic pressure bearing 
is brought into a vacuum in the exhaust position by the suet ion /exhaust 
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device, and then in the injection position, the suction/exhaust 
tube is released to the atmosphere to inject oil in the oil container 
into the one-sided-bag-shaped fluid dynamic pressure bearing. 

The change from the exhaust position to the injection position 
is effected through vertical movement of the bearing seating or 
the oil container. 

The distance changing device is, for example, a stepping motor , 
a hydraulic motor, an air cylinder, or the like. 

. Brief Description of the Drawings 

Fig. 1 is a sectional view schematically showing an oil 
injecting apparatus for a one-sided-bag-shaped fluid dynamic 
pressure bearing according to a first embodiment of the present 
invention in an exhaust position. 

Fig. 2 is a sectional view schematically showing the oil 
injecting apparatus for the one-sided-bag-shaped fluid dynamic 
pressure bearing according to the first embodiment of the present 
invention in an injection position. 

Fig. 3 is a sectional view schematically showing an oil 
injecting apparatus for a one-sided-bag-shaped fluid dynamic 
pressure bearing according to a second- embodiment of the present 
invention in an exhaust position. 

Figs. 4 are a front view (A) and a side view (B) of the oil 
injecting apparatus for a one-sided-bag-shaped fluid dynamic 
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pressure bearing according to the first embodiment of the present 
invention. 

Figs. 5 is a sectional view schematically showing a 
conventional oil injecting apparatus for a one-sided-bag-shaped 
fluid dynamic pressure bearing. 

Fig. 6 is a sectional view of a one-sided-bag-shaped fluid 
dynamic piressure bearing, showing minute gaps in somewhat 
exaggerated sizes. 

Best Mode for carrying out the Invention 

As shown in Figs. 1, 2, and 4, an oil injecting apparatus 
according. to a first embodiment of the present invention includes 
a bearing seating 30 having a bearing seating surface formed on 
its front surface and an oil injection through-passage 31 extending 
through the bearing seating 30 from this front surface to the back 
surface thereof, a cover member 32 provided with an injection tube 
pass-through hole 33 and a suction/exhaust through-hole 34, an oil 
container 11 storing an oil 12 to a predetermined level and sealed 
with the cover member 32, a suction/exhaust tube 18 whose one end 
is connected to one end of the suction/exhaust through-hole 34 of 
the cover member 32 and whose other end is connected to a 
suction/exhaust device, an injection tube 36, a distance changing 
device for changing the distance between the bearing seating 30 
and the oil container 11, and bearing fixing means 26 for fixing 
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airtight onto the bearing seating 30 a one-sided-bag-shaped fluid 
dynamic pressure bearing 10, into which oil is to be injected, with 
its surface on the oil injection port side being seated and abutted 
onto an O-ring 25. 

The injection tube 36 with a flat outer peripheral surface 
passes through the injection tube pass-through hole 33, which has 
a flat inner peripheral surface, in an airtight manner and so as 
to be vertically movable, with the lower end of the injection tube 
36 projecting into the oil container 11 and the upper end thereof 
being secured to the lower end of the oil injection through-passage 
31 of the bearing seating 30 . The air tightness between the injection 
tube pass-through hole 33 and the injection tube 36 is secured by 
an O-ring 35 arranged in the injection tube pass-through hole 33. 
The airtightness can be further enhanced by providing the O-ring 
35 in two, three, and more stages. 

The distance changing device serves to change the distance 
between, the oil container 11 and the bearing seating 30 so as to 
bring the oil injecting apparatus from an exhaust position (Fig. 
1) with the lower end of the injection tube 36 positioned away from 
the oil level into an injection position (Fig. 2) with the lower 
end of the injection tube 36 submerged into the oil. As shown in 
Fig. 4, the distance changing device includes a hydraulic pump 27 
and an oil container holder 28, and raises/lowers the oil container 
11 with respect to the bearing seating 30 whose position is fixed, 
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thereby changing the distance between the oil container 11 and the 
bearing seating 30. 

The suction/exhaust device includes a vacuum pump 22, 
suction/exhaust tubes 20, 21, and valves 23, 24. 

Oil injection is performed as follows with the oil injecting 
apparatus according to the first embodiment of the present invention . 
First f in the exhaust position (Fig. 1) with the distal end of the 
injection tube 14 positioned away from the oil level in the oil 
container 11, a control device (not shown) opens the valve 23 and 
closes the valve 24 , and activates the vacuum pump 22 . As this happens, 
the inside of the oil container 11 .is evacuated, and at the same 
time, the inside of the one-sided-bag-shaped fluid dynamic pressure 
bearing 10, which communicates with the inside of the oil container 

11 through the injection tube 36 and the oil in jection through-passage 
31, is also evacuated into a vacuum. 

Then, the control device drives the hydraulic pump 27 to move 
the oil container 11 into the injection position (Fig. 2), whereby 
the lower eind of the injection tube 36 is submerged into the oil 

12 in the oil container 11. Subsequently, the control device closes 
the valve 23 and opens the valve 24. As this happens, the inside 
of the oil container 11 is communicated with the atmosphere through 
the suction/exhaust through-hole 34, and the suction/exhaust tubes 
18 and 21, and thus turned into the atmospheric pressure . This causes 
the oil 12 in the oil container 11 to be injected into the 
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one-sided-bag-shaped fluid dynamic pressure bearing 10. 

As shown in Fig. 3, an oil injection apparatus according to 
a second embodiment of the present invention includes a bearing 
seating 30 having a bearing seating surface formed on its front 
surface and an oil injection through-passage 31 extending through 
the bearing seating 30 from this front surface to the back surface 
thereof, a cover member 32 provided with an injection tube 
pass-through hole 33 and a suction/exhaust through-hole 34, an oil 
container 11 storing an oil 12 to a predetermined level and sealed 
with the cover member 32 , a suction/exhaust tube 18 whose one end 
is connected to one end of the suction/exhaust through-hole 34 of 
the cover member 32 and whose other end is connected to a 
suction/exhaust device, an injection tube 36, a distance changing 
device for changing the distance between the bearing seating 30 
and the oil container 11, and bearing fixing means 26 for fixing 
airtight onto the bearing seating 30 a one-sided-bag-shaped fluid 
dynamic pressure bearing 10, into which oil is to bis injected, with 
its surface on the oil injection port side being seated and abutted 
onto an O-ring 25. 

The injection tube 36 with a male thread 36a formed on an 
intermediate section thereof passes through the injection tube 
pass-through hole 33, which is provided with a female thread 33a 
that threadedly engages with the male thread 36a, in an airtight 
manner and so as to be vertically movable, with the lower end of 
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the injection tube 36 projecting into the oil container 11 and the 
upper end thereof being secured to the lower end of the oil injection 
through-passage 31 of the bearing seating 30. The airtightness 
between the injection tube pass-through hole 33 and the injection 
tube 36 is secured by an O-ring 35 arranged in the injection tube 
pass-through hole 33 . 

The distance changing device serves to change the distance 
between the oil container 11 and the bearing seating 30 so as to 
bring the oil injecting apparatus from an exhaust position with 
the lower end of the injection tube 36 positioned away from the 
oil level into an injection position with the lower end of the 
injection tube 36 submerged into the oil. The. distance, changing 
device includes a stepping motor (not shown) , and rotates and 
vertically moves the bearing seating 30, onto which the 
one-sided-bag-shaped fluid dynamic pressure bearing 10 to be 
injected with oil is fixed airtight, thereby changing the relative 
distance from the oil container 11 whose position is fixed. 

The suction/exhaust device includes a vacuum pump 22 , 
suction/exhaust tubes 20, 21, and valves 23, 24. 

The oil in j ecting apparatus employing a vacuum in j ection method 
according to the second embodiment of the present invention is the 
. same as the oil injecting apparatus employing a vacuum injection 
method according to the first embodiment described above, except 
for the distance changing means for changing the distance between 
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the oil container and the bearing seating / onto which the 
one-sided-bad-shaped fluid dynamic pressure bearing to be injected 
with oil is seated and fixed airtight- 

r 

That is, in the first embodiment, as the distance changing 
means for effecting a change from the exhaust position to the in j ection 
position, the outer peripheral surface of the injection tube 36 
and the inner peripheral surface of the injection tube pass-through 
hole 33 of the cover member 32 are both formed as flat surfaces, 
and the oil container ll is moved without being rotated, thereby 
changing. the relative distance of the oil container 11 from the 
bearing seating 30 onto which the one-sided-bag-shaped fluid dynamic 
pressure bearing 10 to be injected with oil is fixed airtight. 

In contrast, in the second embodiment , as the distance changing 
means for effecting a change from the exhaust position to the in j ection 
position, the male thread is formed on a part of the outer peripheral 
surface of the injection tube 36 and brought into threaded engagement 
with the female thread formed on a part of the inner peripheral 
surface of the injection tube pass-through hole 33 of the cover 
member 32, and the bearing seating 30, onto which the 
one-sided-bag-shaped fluid dynamic pressure bearing 10 to be 
injected with oil is fixed airtight , is rotated for vertical movement , 
thereby changing the relative distance of the bearing seating 30 
from the oil container 11 whose position is fixed. 
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Industrial Applicability 

According to the present invention, in the oil injecting 
apparatus for injecting oil into a one-sided-bag-shaped fluid 
dynamic pressure bearing by a vacuum injection method, the injection 
tube is disposed so as to be movable while passing through the oil 
container cover, with airtightness being retained by the O-ring, 
and the distance between the oil container and the bearing seating, 
onto which the one-sided-bag-shaped fluid dynamic pressure bearing 
to be injected with oil is fixed airtight, is changed to thereby 
effect a change from the exhaust position to the injection position. 

Therefore, as compared with conventional oil injecting 
apparatuses equipped with an extendable part such as a bellows, 
the present invention can provide an oil injecting apparatus for 
a one-sided-bag-shaped fluid dynamic pressure bearing which provides 
good operability and low maintenance cost. 
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